SUMMARY Data from the US National Huntington's Disease Roster have been analysed in terms of the difference in age of onset (AO) between affected parents and affected offspring, that is, in terms of 'anticipation'. While mean AO in offspring of affected mothers did not differ greatly from AO in their mothers, the distribution of AO in the offspring of affected fathers falls into two groups, the larger group showing an AO only slightly younger than their affected fathers and a small group whose AO was, on average, 24 years younger than their affected fathers.
Anticipation is the term used to describe the tendency for the age of onset (AO) of a dominantly inherited disorder to be younger in the proband than in the affected parent. We have analysed data from the US National Huntington's Disease Roster and found that, while anticipation in the maternal line is not greatly in excess of that predicted by normal variation and shows typical regression to the mean (such that offspring of mothers with young AO show negative anticipation), anticipation in the paternal line is notably skewed and positive across all AOs of the father. Although the propensity to anticipation is heritable through the male line, analysis of the grandparental origin of the gene suggests that it originates in transmission from a female. While anticipation which occurs when the gene has been inherited from a grandfather and father is uniformly distributed with respect to AO in the father, Huntington's disease (HD) which has been inherited from a grandmother and father shows positive rather than negative anticipation in the offspring of fathers with young AO. Since no unusual change in AO is seen when the gene is transmitted through a mother it appears that the propensity to anticipation is corrected by such transmission. We interpret these changes as showing that anticipation in HD is determined by an epigenetic change related to the Received for publication 25 November 1987 . Revised version accepted for publication 1 February 1988. pattern of methylation of the nucleic acid sequence which is imposed in the course of 'genomic imprinting'.' Specifically, an epigenetic change leading to major anticipation in affected offspring of affected males occurs during the process of differentiation of the germ cells (spermatogonia) of male embryos when the HD gene is inherited from a mother since this requires a methylation change. Such an epigenetic error can then be inherited indefinitely through the male line causing anticipation in offspring of either sex, but when the HD gene next passes through a female, genomic imprinting in her germ cells (oogonia) remethylates the HD gene and thereby corrects the error.
Anticipation is usually regarded as being the product of various possible ascertainment biases, although some ascertainment biases would work against the observation of anticipation (table 1) .
Most ascertainment biases could occur irrespective of whether the disease was inherited from the father or the mother, although the loss of affected pairs showing anticipation because the obligate carrier parent has died or lost contact with the proband before onset of illness in the parent may apply particularly to pairs where the disease is inherited from the father. Thus, one might expect that the phenomenon of anticipation, if it occurs as a consequence of ascertainment bias, would be equally apparent in father/offspring and mother/ 589 Methods and results
AGE OF ONSET IN PATERNALLY AND MATERNALLY DERIVED CASES
A total of 3160 people with known AO of HD, for whom the sex of parent affected with HD was also known, was identified from the National Huntington's Disease Roster; 1508 cases had an affected father while 1652 had an affected mother. The mean AO of the paternally derived cases was 36-7 years while the mean AO of the maternally derived cases was 39-7 years. A comparable difference in AO by sex of parent has been reported previously for data from the National Huntington's Disease Roster3 4 and from elsewhere.5 6 The standard deviation of the paternally derived cases (12. anticipation in the paternally derived cases was 6-73 years, although the distribution was not normal (skew=+0-33, t=3-77, p<0001). As in the case of the AO distribution, the anticipation distribution of the paternally derived cases was best described by two normal distributions, one showing only modest anticipation (4-6 years, 9-2 SD) and the other showing a major anticipation effect (24-3 years, 9-2 SD). Fig 2 shows There was a significant relationship between AO of parent and AO of offspring in both paternal and maternal lines. For the maternal line this relationship was only slightly curvilinear (F ratio linear v quadratic=4.5, p<005, r=0-69) and showed typical regression to the mean. For the paternal line, however, the relationship was markedly curvilinear (F ratio linear v quadratic=17-45, p<0 0001, r=0-62). These data can also be described as a slightly curvilinear relationship between anticipation in the offspring and AO of the mother (r=0-38) and > -20 -10 hance a markedly curvilinear relationship between anticipation in the offspring and AO of the father (multiple r=0.34) (fig 3a) . Thus, as would be predicted from regression to the mean, anticipation is negative for the offspring of mothers with a younger than average AO (<35 years) and positive for the offspring of mothers with an older than average AO. For the offspring of affected fathers, however, mean anticipation was always positive and when AO in the father was <30 years, anticipation in the child increased as the AO of the father decreased. AO Since the effect on the AO of the offspring could occur, not at the time of conception of the child but at the time of the creation of the germ line in the parent, we also looked at the effect of the disease state in the affected grandparent at the time of birth of the affected parent, and the season of birth of the affected parent on anticipation in the offspring, but found no difference in these variables between offspring with large anticipation and those without.
THE ORIGIN OF THE EVENT LEADING TO LARGE ANTICIPATION
Our results indicate that in HD of maternal origin, large anticipations do not occur with a frequency much greater than that predicted by normal variation, but that in a subgroup of cases of HD of paternal origin, some special reason for an excess of large anticipations may be sought, either in an affected subject, or in the affected father, or in a more distant ancestor.
There were 1179 probands for whom the sex and AO of the affected parent and the sex of the affected grandparent could be ascertained (table 3) . As expected, mean AO in paternally derived cases was younger than maternally derived cases in this sample (paternal line 32*6 years, maternal line 36*9 years, p<O-O1). There was also a significant interaction between sex of parent and sex of grandparent on AO in the proband (F (1,1175)=6-7, p<001 ). The sex of the affected grandparent had no effect on the AO of probands who inherited the disease through their mother. For paternal inheritance the sex of the grandparent did affect the AO of the proband, the AO in probands with affected grandfathers and fathers being 4-3 years younger than those with affected grandmothers and fathers. Figure 3b shows the relationship between anticipation in the offspring and AO in the parent divided up according to the sex of the affected parent and grandparent. These graphs show normal linear regression in all groups except those who inherit the disease from their grandmother and father. The grandfather-father regression is parallel to the two grandparent-mother lines suggesting that the normal mechanisms leading to regression (polygenic modification,18 multiple ageing genes'9) operate independently of the extra propensity to anticipation in the offspring of some affected grandfathers and fathers. This could occur if the extra propensity to large anticipation were inherited at the HD locus for a number of generations via the paternal line. Since the sex of the affected grandparent had no effect on the AO of the offspring of affected mothers (who show very little mean anticipation anyway), it would seem that passage of the HD gene through an oogonium eliminated the propensity to large anticipation. This beneficial effect is the same as the 'maternal protective factor' identified by previous workers.3 5 20 In the grandmother-father line there was a curvilinear relationship between the AO of the father and the probability that his offspring will show a major anticipation. That this particular relationship is only seen in those fathers who inherit the disease from their mother suggests that the TABLE 3 Mean (SD) age of onset and anticipation in proband depending on sex of parent and grandparent. 
